[1] The West Spitsbergen fold-and-thrust belt formed along the transform plate boundary between Greenland and the western Barents Sea during Paleocene-Eocene breakup in the northern North Atlantic. Approximately 20-40 km margin-perpendicular shortening accumulated in the belt has been attributed to transpression and strain partitioning in a restraining bend but also to head-on collision. We have applied scaled analog tectonic modeling to test the former hypothesis. A pack of brittle quartz sand with a shallow thin layer of silicon putty was deformed by transpression at a 15°convergence angle by movement of a basal plate. The kinematics was quantified by means of digital particle image velocimetry. The result was a doubly vergent transpressional wedge, consisting of a steeply tapered retrowedge and a strongly internally deformed steeply tapered prowedge separated by a central strike-slip zone and an adjacent low-taper thin-skinned fold-and-thrust belt. The doubly vergent wedge evolved through several kinematic phases. Three main stages were identified, namely, (1) initial distributed deformation, (2) development of an oblique doubly vergent wedge with progressive evolution of local strain partitioning along the marginal shear zones, and, finally, (3) a stage of full strain partitioning between a central strike-slip zone and reverse displacement along marginal shear zones, with folding and thrusting in a thin-skinned belt on the proside. The analog model convincingly reproduced the geometry and the kinematic evolution of the West Spitsbergen fold-and-thrust belt, supporting the hypothesis of its formation by strain partitioning in transpression with a small angle of convergence and significant lateral displacement. 
Introduction
[2] The West Spitsbergen fold-and-thrust belt (WSFTB) (Figure 1 ) is a 100-200 km wide and 500 km long orogenic belt of Paleocene-Eocene age situated on the western part of the island of Spitsbergen and its adjacent narrow continental shelf on the NW corner of the Barents Sea [e.g., Bergh et al., 1997] . The structuring of the western margin of the Barents continental shelf involved the relative movements of three plates, namely Eurasia (to which Spitsbergen and the Barents Sea belong), Greenland and North America. Greenland was initially attached to Eurasia but became an independent microplate in the latest Paleocene (chron 24), when spreading started in the Norwegian-Greenland Sea. Since the earliest Oligocene (chron 13), after cessation of spreading in the Labrador Sea, the Greenland plate has moved with North America Gaina et al., 2009; Rowley and Lottes, 1988 , and references therein; Talwani and Eldholm, 1977; Torsvik et al., 2001] . Prior to and during the CretaceousTertiary opening of the northern North Atlantic/NorwegianGreenland Sea, Spitsbergen was positioned adjacent to NE Greenland on the eastern side of the major transcurrent De Geer Zone [Harland, 1969] (Figure 1a) .
[3] According to plate tectonic reconstructions, this boundary accommodated ∼750 km of along-strike displacement during the Eocene [Gaina et al., 2009] , while contemporaneous shortening in the WSFTB has been estimated to 20-40 km . The orogen trends parallel to the western shore of Spitsbergen and the assumed orientation of the De Geer Zone, and comprises an uplifted basement high in the west and a thin-skinned fold-and-thrust belt to the east [e.g., Bergh et al., 1997] . Shortening in the thinskinned part of the belt is generally orthogonal to the continent-ocean boundary [e.g., Braathen and Bergh, 1995] . Dextral and locally sinistral strike-slip faults have been reported in the internal part of the belt (SED lineament ) as well as offshore, associated with the Forlandsundet Graben [e.g., Gabrielsen et al., 1992; Blinova et al., 2009] .
[4] The geometry and kinematics of the WSFTB have been explained alternatively by strain partitioning (or "decoupling") Figure 1 . Location maps. (a) Paleocene-Eocene (chron 23) plate tectonic reconstruction of the western Barents Sea-NE Greenland Margin (modified from Faleide et al. [2008] ). The curved shape of the plate boundary leads to transpression in a restraining bend and transtension in a releasing bend in a general dextral shear regime during progressive opening of the Norwegian Greenland Sea. Spitsbergen is located on the NW Barents Sea margin; the extent of the region of Paleocene-Eocene transpressional deformation corresponding to the WSFTB is indicated by hatching. Bold arrow indicates relative plate motion. SFZ, Senja Fracture Zone; VVP, Vestbakken Volcanic province; NGS, Norwegian-Greenland Sea; HFFZ, Harder Fjord Fault Zone; TLFZ, Trolle Land Fault Zone. (b) Simplified tectonic map of Spitsbergen showing the four main zones of the WSFTB. Bold gray lines indicate locations of cross sections in Figure 2 . BH, Brøggerhalvøya; OL, Oscar II Land; NL, Nordenskiöld Land; FG, Forlandsundet Graben; SEDL, Svartfjella-Eidembukta-Daudmannsodden Lineament; BG, Bellsund Graben; IYF, IsfjordenYmerbukta fault; COB, continent-ocean boundary. Modified from Bergh et al. [2000] with offshore structures from Faleide et al. [2008] and Blinova et al. [2009] . in a transpressional setting and by separate stages of headon convergence and strike slip. The transpression model as proposed by Harland [1969] and Lowell [1972] was later refined with the introduction of decoupling/strain partitioning [Maher and Craddock, 1988] . This model is in concert with the plate tectonic reconstructions of the opening of the Norwegian-Greenland Sea, which generally show a transform plate boundary between Greenland and the western Barents Sea [e.g., Faleide et al., 2008; Talwani and Eldholm, 1977] . In such a model, transpressive strain is partitioned into components parallel and orthogonal to the plate boundary and only a single (constant) kinematic boundary condition is required. The orthogonal component would explain the geometry and kinematics of the WSFTB [see also Faleide et al., 1988] . The alternative model [Lyberis and Manby, 1993] assumes head-on convergence to explain the shortening directions in the WSFTB. This model infers an earlier, Late CretaceousPaleocene age for the development of the WSFTB, which was questioned by Maher et al. [1995] because of contradicting field evidence. In the model of Lyberis and Manby [1993] , strike slip occurred in a second, separate phase and was associated with the opening of the Norwegian-Greenland Sea. A rather similar evolution has been advocated by Saalmann and Thiedig [2002] , who, based on observations on Brøgger-halvøya, proposed separate stages of compression-dominated transpression followed by strike-slip dominated transpression.
[5] In this paper, we use scaled analog tectonic modeling to test the hypothesis of strain partitioning in low-angle transpression for formation of the WSFTB in particular, and to study the evolution of thin-skinned transpressional belts in general.
Evolution and Main Structural Features of the WSFTB

Tectonic Setting and Crustal Structure
[6] The western margin of the Barents Sea can be subdivided into three main segments (Figure 1) . A sheared margin along the Senja Fracture Zone is situated in the south, a rifted (transtensional) volcanic margin constitutes the central part in the Vestbakken Volcanic Province, and in the north a sheared and subsequently rifted margin exists along the Hornsund Fault Zone, situated to the west of Svalbard. These along-strike differences in tectonic evolution are due to the irregular shape of the margin with releasing and restraining bends, and to the different positions the segments occupied with respect to the Greenland plate and the newly formed oceanic crust during progressive opening of the Norwegian-Greenland Sea [e.g., Faleide et al., 2008; Vågnes, 1997] .
[7] The continental crust of the margin off Spitsbergen is characterized by a very steep gradient (Figure 2 ). Over a distance of ∼50 km, it thins from more than 30 to less than 10 km. Beneath the outcropping basement, a minor remnant crustal root may be observed, evidencing crustal thickening during the Eocene transpressional stage. Extension resulting from the post chron 13 (Oligocene) oblique separation between Eurasia and Greenland led to its present-day geometry .
Geometry of the WSFTB
[8] From west to east, the WSFTB may be subdivided in four distinct zones Braathen et al., 1999b] (Figures 1b and 2b) . Metamorphic Caledonian basement rocks are exposed in the two westernmost zones. The western hinterland zone (zone 1) was affected by Oligocene extensional deformation postdating the formation of the transpressional belt. The Forlandsundet Graben, situated between the island of Prins Karls Forland and the Spitsbergen mainland, shows both extensional and strike-slip faulting [Gabrielsen et al., 1992; Blinova et al., 2009] . Strike-slip faulting, in addition to shortening, is also evident in the major transcurrent Svartfjella-Eidembukta-Daudmannsodden lineament (SEDL) . On land toward the east, a basement-involved fold-thrust complex (zone 2) is recognized. Here the influence of inherited Caledonian structuring of the basement has led to along-strike geometrical contrasts [Bergh et al., 2000; Braathen and Bergh, 1995; Maher and Welbon, 1992] . The Central zone (zone 3) is a thin-skinned fold-and-thrust unit, decoupled from the basement along a major detachment within the Permian Gipshuken evaporites (Figure 3c ). Deformation in this part of the belt is characterized by upright folds and splay thrusts above the decollement. Toward the east a major imbricate fan or duplex is located where the floor thrust abandons the Permian detachment level and ramps up into the Mesozoic section. In the eastern foreland province (zone 4), thick-skinned structural inversion of the Billefjorden and Lomfjorden fault zones bounding Carboniferous/Devonian grabens caused folding of the strata above the overlying decollement [Haremo et al., 1990; Ringset and Andresen, 1988] .
[9] The deformed Late Paleozoic-Mesozoic sedimentary succession of the WSFTB (Figure 2b ) is characterized by its lateral continuity over hundreds of kilometers. Its mechanical stratigraphy controlled the structural style of the belt . Three major detachment levels occur in Permian evaporites and Triassic and Jurassic shales. The main competent layers are Permian carbonates and silicified shales and Cretaceous sandstones (Figures 2b and  3c ). The zonation of the WSFTB is determined by this mechanical stratification, by preexisting basement structures and by inversion of one or more Carboniferous basins that were located along the west coast. For example, different structural styles in Oscar II land , the imbricate thrust stack as opposed to folding above the lower and middle decollements, is considered due to a basement buttress or lateral pinch out of one of the evaporite decollements in the eastern part of zone 3. Inversion in the eastern foreland province (zone 4) is characterized by thick-skinned reactivation of Devonian-Carboniferous basement faults [Ringset and Andresen, 1988] . The anomalous strike of the belt in the Kongsfjorden area in the northwest has equally been explained by a preexisting basement structure [Saalmann and Thiedig, 2002] .
[10] The map view of Spitsbergen including the surface expression of the fold-and-thrust belt is to a large degree controlled by regional uplift events [e.g., Steel and Worsley, 1984] . These caused a general 1-3 degrees southward and eastward tilt of the sedimentary succession. The resulting overall geometry is that of a bowl shape, with the Tertiary Central Basin in its center. The tilting led to a deeper exhumation level of the fold-and-thrust belt in the northern domain, where Permian and Mesozoic rocks (Oscar II Land and Brøggerhalvøya) show intense deformation. Farther south, in Isfjorden and underneath the Central Basin, similar structures can be seen in reflection seismic data .
Kinematics of the WSFTB
[11] The timing of the onset of deformation in the WSFTB has been estimated from the change in source area of the sediments in the Tertiary Central Basin from northerly easterly to westerly. This change has been interpreted to result from uplift of the WSFTB in the late PaleoceneEocene [Kellogg, 1975; Steel et al., 1985] or Eocene [Müller and Spielhagen, 1990] ; the actual onset of deformation was therefore probably earlier.
[12] Based on field observations in Oscar II Land and Nordenskiöld Land in the central and northern part of the Bergh et al. [1997] (AAPG©1997 reprinted by permission of the AAPG whose permission is required for further use) and Braathen et al. [1999b] ). The WSFTB is divided into four zones of different structural style. The western Hinterland zone and the basement-involved fold-and-thrust complex correspond to crustal zones I and II, respectively (see Figure 2a) . D, Devonian; Ca, Carboniferous; Cp, Carboniferous-Permian; hatching, Permian evaporites; Tr, Triassic; JC, Jurassic-Cretaceous; T, Tertiary. FG, Forlandsundet Graben; SEDL, Svartfjella-Eidembukta-Daudmannsodden lineament ; BFZ, Billefjorden fault zone; LFZ, Lomfjorden fault zone. Location in Figure 1 . (Figure 1 ), Braathen and Bergh [1995] and Bergh et al. [1997] described a multistage kinematic model for the evolution of the WSFTB. The five stages include (1) initial top-to-the-NNE, bedding-parallel shortening followed by (2) major WSW-ENE shortening with in-sequence foreland fold-thrust propagation, (3) basement-involved, WSW-ENE shortening including uplift in the eastern foreland zone along the Billefjorden and Lomfjorden faults, (4) subsequent top-to-the-NE out-of-sequence propagation of thrusts (in Oscar II Land) with associated strike-slip faulting (in Nordenskiöld Land), and, finally, (5) W-E extension in the hinterland.
[13] In Oscar II Land, restoration of cross sections suggests approximately 20 km or 45% shortening in the thinskinned belt (zone 3 ). Much less shortening was accommodated by the basement (5%) in the same transects. Documentation of the Tertiary shortening in the western basement-involved fold-thrust complex (zone 2) is not available to date (but see Welbon and Maher [1992] ).
The Conjugate Greenland Margin
[14] Plate tectonic reconstructions [e.g., Faleide et al., 2008; Talwani and Eldholm, 1977; Vågnes et al., 1988] position Spitsbergen adjacent to Greenland prior to the opening of the Eurasia Basin and the Norwegian Greenland Sea (Figure 1 ). Three major fault zones have been recorded on the conjugate Greenland margin, striking at relative angles of ∼30 degrees. The northernmost of these is the Kap Cannon Thrust Zone [e.g., von Gosen and Piepjohn, 1999] . The Harder Fjord Fault Zone to the south of it truncates the faults of the Wandel Hav Mobile Belt [Håkansson and Pedersen, 1982] . It is particularly noteworthy that a counterpart of the thin-skinned WSFTB has not been recorded on the conjugate side of the plate boundary in NE Greenland.
[15] In restored position, the Wandel Hav Mobile Belt is aligned parallel to major lineaments on the Spitsbergen margin such as the Hornsund, Billefjorden and Lomfjorden Fault Zones. The Billefjorden and Lomfjorden Fault Zones were formed during the Caledonian orogeny, rejuvenated during Carboniferous extension [e.g., Johannessen and Steel, 1992] and were inverted during the formation of the WSFTB [Andresen et al., 1992; Ringset and Andresen, 1988] . The Trolle Land Fault Zone of East Greenland forms the SW boundary of the Wandel Hav Mobile Belt [Håkansson and Pedersen, 1982] and it also originated in the Carboniferous [Håkansson and Stemmerik, 1984] . The most recent tectonic event recorded in the Wandel Hav Mobile Belt that predates the Oligocene oblique extension, is the Late Cretaceous transpressional Kong Christian Land Orogeny [Pedersen and Håkansson, 1999] . Between major NW-SE striking subvertical faults with a dextral sense of shear, E-W striking folds and reverse faults have been recorded [von Gosen and Piepjohn, 2003] . The most intense deformation associated with this event is recorded in the central part of Kong Christian Land, well away from the present-day plate margin [Pedersen and Håkansson, 1999] .
[16] Also the Harder Fjord Fault Zone is a ?Carboniferous structure that was compressionally reactivated in post latest Cretaceous time [Piepjohn and von Gosen, 2001] . In restored position, its extension to the SE intersects with the western Barents Sea-Svalbard margin at the southern termination of the WSFTB [Vågnes et al., 1988] (Figure 1a ). The Kap Cannon Thrust zone, finally, is situated in an area that was tectonized during the Devonian-Early Carboniferous Ellesmerian deformation. No major structures were inherited from this event in the vicinity of the Kap Cannon Thrust zone, which is therefore considered a Eurekan structure [von Gosen and Piepjohn, 1999] .
Modeling Strategy and Setup
[17] An experiment with scaled brittle-ductile rheology was run at the Teclab (VU University, Amsterdam) to study the evolution of transpressive deformation in the shallow subsurface (upper ∼5 km) developing above a weak decoupling layer in response to a constant plate tectonic boundary condition, namely oblique convergence at 15°. In particular, we aim to find out whether the first-order features in the geometry and kinematic evolution of the WSFTB can be reproduced in such a setting, thus testing the decoupling hypothesis on its origin [Maher and Craddock, 1988] . The experiments follow up on early work by Lowell [1972] and scaled analog models on transpression and strain partitioning by, e.g., Burbidge and Braun [1998] , Richard and Cobbold [1990] and Pinet and Cobbold [1992] .
[18] The model setup and the method of analysis by means of digital particle image velocimetry (DPIV) are described in detail in the companion paper [Leever et al., 2011] and summarized in Figures 3 and 4 . In contrast to the purely brittle wedges of the companion paper, in the present study a 0.5 cm thick layer of viscous silicon putty (PDMS) was included at 1 cm depth on the proside of the model (Figure 3) .
[19] The actual variations in density and rheology are greatly simplified in the analog model, in which only two materials were used and the model size sets limitations to spatial variation. The model was scaled at 1:500,000 with 6 cm of sand corresponding to a typical crustal thickness of 30 km in order to include the influence of crustal-scale plate boundary processes on thin-skinned tectonics.
[20] Obeying the scaling rules of dynamic similarity [Hubbert, 1937] , quartz sand and silicon putty are physically analog to brittle (upper crustal) rocks and viscous rocks such as rock salt and have been used in a large number of scaled tectonic analog modeling studies [e.g., Bonini, 2001; Casas et al., 2001; Davy and Cobbold, 1991; Smit et al., 2003] . The brittle strength of the model sand ( Figure 3d ) was calculated for the parameters given in Table 1 . For the cohesion of 30-80 Pa, there is a good agreement with the strength of granite according to Byerlee [1978] , scaled by a factor of 1.25 × 10 −6 (see Appendix A for explanation). The latter curve lies within the range of cohesion values 0-250 Pa quoted in literature [Krantz, 1991; Schellart, 2000; Schreurs et al., 2006] .
[21] The 0.5 cm thickness of the layer of viscous silicon putty (PDMS SGM36, Dow Corning [Weijermars and Schmeling, 1986] ) corresponds to 2.5 km at the scaling of 2 × 10 −6 . This is clearly an exaggeration, when comparing to the stratigraphy of West Spitsbergen (Figure 3c ), but it is
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required to obtain correct rheological scaling (Figure 3d ). The strength of the PDMS depends on its viscosity and the strain rate; in case of simple shear (when it acts as a detachment level for a fold-and-thrust belt) on its thickness. The viscosity of the PDMS is in the order of 2.4 × 10 4 Pa/s ( Table 1 ).The resulting strength for a constant displacement rate of 5 cm/h is plotted in the yield strength envelope of Figure 3d .
Model Results
[22] In the following description of the model results, first the major structural elements are identified in a description of the geometry of the transpressional belt at the end of the model run. Subsequently, stages in the kinematic evolution are outlined. To facilitate the description, a spatial reference frame is adopted in which the top of the pictures is to the north, such that the basal velocity discontinuity strikes N-S and the moving plate is in the east, its displacement direction 195° (Figures 5 and 8 ).
Geometry
[23] The first-order features of the deformed belt at its final stage are recognized both in map view and in cross section (Figures 5 and 6) . A basement high defined by a steeply tapered doubly vergent wedge is centered above the basal velocity discontinuity and divided into a prowedge and a retrowedge by a central major strike slip fault zone. This basement wedge is 18-20 cm wide. A thin-skinned fold-and-thrust belt, decoupled along the shallow PDMS layer (Figure 3) is situated on the proside of the model, overlying the moving basal plate and extending into the foreland over a distance of up to 17 cm from the edge of the basement uplift. This part of the orogenic wedge has a very small taper. The final-stage structures are described in more detail below, in map view and in cross sections.
Map View
[24] The interpretation of the faults and folds in map view at the end of the model run ( Figure 5 ) was corroborated by the interpretation of the progressively deforming model and the cross sections ( Figure 6 ).
[25] On the west side of the retrowedge, overlying the stationary basal plate, the main structures are the retroshear r and the strike-slip branch rs associated with it ( Figure 5 ). Both faults are largely parallel to the basal velocity discontinuity. A major strike-slip zone cs, equivalent to the Y shear in strike-slip systems [Morgenstern and Tchalenko, 1967; Harding, 1974] , occupies a central position in the wedge. The cs is parallel to the basal velocity discontinuity only in the middle part of the model. Toward the N and S, it is aligned with the imposed displacement field.
[26] A thin-skinned fold-and-thrust zone dominates the proside of the model. It comprises several major folds oriented at different angles to the basal velocity discontinuity. For simplicity, only the anticlines are identified and numbered A1-A5 according to their relative age ( Figure 5 ). The axes of the innermost of those (A1, A3) are subparallel to the basal velocity discontinuity, whereas the outer ones (A2, A5) are oriented obliquely to this. Particularly the most distal part of A2 makes an angle of ∼30°to it. Superimposed on A3 are a number of minor folds with their axes oriented at an angle of ∼25°to the plate boundary. These folds are thus not parasitic to the main structure A3.
[27] While r and cs bound the retrowedge, the prowedge is bounded on one side by the cs, on the other side it is separated from the thin-skinned fold belt by a major syncline s. Particularly in its southern part, the prowedge experienced major uplift along the cs, forming "A4." 4.1.2. Cross Section
[28] Cross sections ( Figure 6 ) show the internal structure of the deformed belt. As in the map view, the first-order features comprise a pronounced wedge-shaped basement uplift centered above the basal velocity discontinuity and a thin-skinned fold-and-thrust belt to the east of it.
[29] The basement wedge is composed of two distinct units, a retrowedge and a prowedge (in the sense of Willett et al. [1993] ), separated by the central shear zone cs. The retrowedge, on the west side, is bounded by the retroshear zone r at its base. It shows relatively little internal deformation except for predominantly strike-slip faulting along rs and, in the southern part, oblique strike-slip faults that also accommodated some uplift ( Figure 5 ). In contrast, the prowedge is densely dissected by convex-up reverse faults. The youngest of these faults (p) has a dip of 50 degrees near the velocity discontinuity and shallows upward to ∼32 degrees. Older faults at the top of the wedge have a shallower dip (25°) than the younger ones at the base. The slope of the basement wedge below the thin-skinned belt is subvertical in the center of the model (cross section at 35 cm) and dips ∼70 degrees to the east in the other sections. The cs, which separates the retrowedges and prowedges, roots in the basal velocity discontinuity. It has a curved geometry, so that its position and orientation vary along strike.
[30] The cross sections illustrate the relationship between the major anticlines in the thin-skinned belt and basement faults. The locations of anticlines A1 and A3, situated closest to the basement wedge, are directly controlled by thick-skinned deformation. A1 is situated near the edge of the steep basement uplift, while A3 (A2 in the northernmost cross section) directly overlies the youngest basement rooted proshear. In the middle and southern cross section, A2 and A5 are unrelated to basement faults. 4.1.3. Depth-Dependent Shortening
[31] The cumulative shortening in the model was calculated in order to determine the differences in distribution of shortening between the thin-skinned belt and the basement units, and the distribution of shortening between the prowedge and the retrowedge (Figure 7) . Such a calculation also gives constraints as to which degree the shortening in the thin-skinned belt is representative for the total shortening across the margin. Incremental shortening was calculated for three interpreted marker layers, two in the basement and one within the thin-skinned belt, as the difference between the actual length of a marker line segment and its horizontal extent. The out-of-plane displacement was not taken into account. The approach resembles line length restoration but does not aim to produce a balanced cross section.
[32] An important observation is the large deviation of the calculated values from the applied shortening of 12.8 cm, some exceeding the input value by up to 30% (Figure 7a) . Apparently, it is mainly the shortening in the upper (thinskinned) layer, which is overestimated with respect to the applied shortening. There are several potential reasons for this. Extension at the top of the wedge (note thinning of the PDMS layer; Figure 6 ) is one of them. In addition extension parallel to the fold axes may lead to an overestimate of shortening [Tikoff and Peterson, 1998 ], consider that contraction and folding are associated even with pure strike slip, without a component of convergence between the plates.
[33] Keeping this in mind, the results show that shortening is equally distributed between retroside and proside of the wedge (Figure 7a) , despite the asymmetric model setup. The retroshear accommodates the major part of the shortening in the retrowedge, while shortening is distributed on the proshears. The difference between shortening in the thinskinned zone and the basement units on the proside is illustrated in Figure 7c . A cumulative shortening of ∼8 cm is calculated for the thin-skinned belt, and 5-7 cm for the thick-skinned equivalent, starting at the cs. From the axis of syncline S and eastward, 0-2 cm shortening is recorded in the thick-skinned unit, corresponding to 0%-25% of the shortening recorded in the thin-skinned belt.
Kinematic Evolution
[34] The following description of the kinematic evolution of the model is based on observations made during the experiment, supplied with analysis of the photographs that were taken from above at regular intervals. The kinematic analysis was supported by the application of the DPIV method, which was used to quantify the incremental strain and thereby to define stages in the evolution of the model (Figure 8) .
[35] The analysis revealed that faults first appeared at the surface after several centimeters of displacement. Situated on either side of the basal velocity discontinuity and striking parallel to it, these oblique slip faults delineated a shear lens. The oblique displacement became first partitioned locally on the proside, later also on the retroside. Subsequently, a major strike-slip fault formed through the center of the wedge (central shear zone cs, corresponding to a classical Y shear) and displacement became partitioned between strike slip at the cs and more orthogonal convergence on the sides. At this stage of development, a thin-skinned fold-and-thrust belt started to form above the shallow PDMS layer on the proside of the model. Finally, the faults on the retroside became inactive and from this moment on the cs accommodated significant uplift.
[36] From this progressive evolution three distinct kinematic stages were defined ( Figure 8 ): (1) the distributed strain stage, (2) the oblique wedge stage and (3) the strain partitioning stage. These stages and their substages are described in more detail below. The progressive kinematic evolution of strain partitioning in low-angle transpression is discussed in more detail by Leever et al. [2011] .
Stage 1: The Distributed Strain Stage
[37] In stage 1 strain was distributed over a wide area of the model surface, centered above the basal velocity discontinuity (Figure 8a ). This stage of "ductile" deformation is dominated by reorganization of the sand grains which is commonly recorded in experiments with noncohesive sand [Mandl et al., 1977] and materials like plaster of Paris [Fossen and Gabrielsen, 1996] . Faults had presumably already initiated along the basal velocity discontinuity at this stage, but this could not be documented. The width of the zone of distributed deformation reflects the width of the oblique wedge to develop in stage 2.
Stage 2: The Oblique Wedge Stage
[38] Localization of displacement along two shear zones parallel to the basal velocity discontinuity became evident at the model surface and defined the start of stage 2 (Figures 8b-8d) . A sand wedge was uplifted between these bounding faults, which initially accommodated oblique displacement. Three substages are defined, based on the degree of slip partitioning on the bounding faults, characterized by (2a) oblique slip, (2b) slip partitioning on the proside and (2c) slip partitioning on both proside and retroside. The transition between stage 2b and 2c is gradual.
[39] In stage 2a (Figure 8b ), the surface expression of the bounding faults was initially clearest on the retroside, where a narrow fault (retroshear r) accommodated localized oblique displacement. The oblique displacement was distributed over a wider region on the proside of the model, due to the shallow PDMS layer. [40] In stage 2b (Figure 8c) , the shear zone on the retroside widened, as evidenced by the colors in the fault kinematics diagram varying from red to blue, initially still indicating a gradual transition from along-strike to crossstrike displacement. On the proside, an en echelon array of small faults on top of the uplifted wedge accommodated strike-slip displacement in the thin-skinned part of the belt. A passive fold (A1) formed at the front of the basement wedge due to uplift at the proshear [cf. Leever et al., 2011] . The picture shows the first hint of oblique folding through gentle undulation of the surface across the proshear, below the resolution of our DPIV setup. The fold axes strike at an angle of ∼60 degrees to the displacement vector. In this stage, strain was thus partitioned locally on the proside of the model, while oblique faulting still characterized the retroshear.
[41] In stage 2c (Figure 8d) , displacement on the retroshear zone has become partitioned into strike slip on a well-defined continuous fault on its inside (rs) and more distributed reverse displacement on its outside (r). The final stage cross sections ( Figure 6 ) show how r and rs branch toward the surface from a single fault at depth. Also on the proside, a single continuous strike-slip fault started to form. Simultaneously, the smaller strike-slip faults formed in stage 2b still accommodated some of the along-strike displacement. Orthogonal displacement was still accommodated by reverse faulting and thrusting at the base of the uplifted wedge. The first sign of a large thin-skinned structure (A2) appeared in the DPIV image. It is situated away from and oblique to the basement wedge at a similar angle as the second-order folds overlying the proshear.
Stage 3: The Strain Partitioning Stage
[42] At this stage (Figures 8e and 8f) , strain was partitioned into a component of strike slip along a central shear zone (cs) crosscutting the uplifted basement wedge at a small angle to the basal velocity discontinuity, and orthogonal displacement along the bounding proshears and retroshears and in the thin-skinned belt.
[43] In stage 3a (Figure 8e ), a new strike-slip fault branch originated, crosscutting the uplifted basement wedge and linking the strike-slip faults on proside and retroside that were formed in the previous stage. Initially, this central shear zone (cs) made an angle of ∼15°to the basal velocity discontinuity and was thus parallel to the displacement field, as opposed to the preexisting strike-slip faults which were parallel to the basal velocity discontinuity. On the retroside, the segment of the strike-slip fault rs that was bypassed by the cs became inactive. Only orthogonal displacement remained here. On the proside, strike-slip faulting was still active over the entire length of the wedge, largely focused in two major branches. Shortening was accommodated by folding (and faulting) in a thin-skinned belt adjacent to the proshear. A major oblique fold (A2) formed on the location suggested during the previous stage, extending far into the foreland. The small folds with their fold axes oblique to the uplifted basement wedge, formed during stages 2b and 2c, now sit on top of a newly formed larger fold (A3) with its axis parallel to the wedge.
[44] Stage 3b (Figure 8f ), the final stage, was characterized by the cessation of deformation on the retroside of the wedge. The central shear zone moved to a more central position also in the southern part of the wedge, where it previously linked up with rs. Here its strike was parallel to the basal velocity discontinuity while it remained oblique in the central and northern part. In the north it linked up with an oblique strike-slip fault originating at the edge of the model, possibly a boundary effect. Due to the abandonment of the retroshear, the cs accommodated major uplift in addition to along-strike displacement, mainly in the southern part of the model. Toward the proside of the model, this uplift led to the formation of a large-scale anticline/syncline pair (A4, S). In the thin-skinned belt, deformation continued as before. The oblique and parallel folds A2 and A3 became more expressed, as well as the secondary oblique folds on top of A3. A progressive clockwise rotation of the A2 fold axis was recorded during 25 cm displacement. The rotation is ∼9°since the first appearance of this fold (Figure 9 ).
Discussion
[45] Our experiment opens for some general observations on the behavior of brittle-ductile transpressional wedges. These are discussed first; subsequently, the implications of the model results for the formation of the West Spitsbergen fold-and-thrust belt are addressed.
Horizontal and Vertical Decoupling in BrittleDuctile Transpressional Wedges
[46] A brittle-ductile transpressional wedge such as the one in our model features vertical decoupling in addition to horizontal strain partitioning. Depth-dependent shortening is evident from the cross sections and calculated cumulative shortening, showing that the thin-skinned deformation extends further eastward than the thick-skinned deformation, which is localized in the central basement wedge overlying the basal velocity discontinuity (Figures 6 and 7) . Vertical decoupling also leads to the difference in orientation between the faults rooting on the basal velocity discontinuity and the (faults and) folds in the shallow layer ( Figure 5 ). The thickskinned retroshears and proshears are parallel to the plate boundary, while the thin-skinned structures formed at an angle of ∼30°± 5°to it. Interference of thin-and thickskinned structures is observed on top of A3. The difference in angle implies that the minor folds are not parasitic folds to the main anticline A3, as might be inferred from the cross sections ( Figure 6 ). Instead, they formed prior to the largescale anticline A3.
[47] Upon formation, transpressional folds should theoretically be aligned with the stress triad (axial plane perpendicular to s1) or the instantaneous stretching axes (axial plane perpendicular to _ s [Flinn, 1962; James and Watkinson, 1994; Tikoff and Peterson, 1998 ]. For a convergence angle a of 15°, these axes make an angle of 37.5°with the plate boundary ( = 45 − 0.5 a [Jamison, 1991; Tikoff and Teyssier, 1994] ). The thin-skinned folds in our model initiated at ∼30°± 5°to the plate boundary. The fold initiation angle recorded in our experiment is thus smaller than the theoretical angle. This can possibly be attributed to the fact that the folds were formed in a stage of strain partitioning. Folds formed during unpartitioned transpression at 15°also show smaller angles [Tikoff and Peterson, 1998] . A rotation of fold axis A2 by ∼9°was recorded during progressive deformation of our model (Figure 9 ). Such a rotation is also theoretically predicted [Fossen and Tikoff, 1993] and confirmed by experiments of transpressional folding at different convergence angles [Tikoff and Peterson, 1998 ]. These authors found that the folds rotate with the long axis of the finite strain ellipse. Folds only appear after the model has accommodated some strain, which explains the smaller initial angle.
Application of the Model Results to the WSFTB
[48] The model results are compared with observations from the WSFTB in terms of geometry and kinematics and we discuss how they contribute to the understanding of the evolution of the WSFTB. A proper comparison of the geometry of the WSFTB and the model should be done in terms of the major zones of the WSFTB (Figures 1b and 2b) , rather than at the scale of individual structures. Also the influence of the regional tilting on the general map pattern has to be kept in mind when comparing model and prototype. Finally, it should be pointed out that in our model the entire crust is represented by quartz sand, a brittle material which is typically only used to model upper crustal rocks. In our model the rheology of the lower crust is therefore not represented. Previous modeling studies of transpressional wedges have shown the importance of a ductile lower layer in the evolution of strain partitioning [Richard and Cobbold, 1990] . However, even though a ductile lower crust, pretranspression structuring or the subsequent oblique stretching stage were not included in the model, the basement-involved fold-thrust complex in the west (zone 2) and the adjacent thin-skinned fold-and-thrust belt (zone 3) are both convincingly reproduced. There are however differences between the model and the other zones (zones 1 and 4).
WSFTB Versus Model Geometry
[49] When the model end stage is compared to a simplified geological map of Svalbard (modified from Dallmann et al. [1993] and Sigmond [2002] ) at the scale of 1:500,000 by aligning the eastern edges of the basement uplifts, some striking similarities become evident (Figure 10 ). For example, the model retroshear r coincides with the continent-ocean boundary, whereas the Forlandsundet and Bellsundet grabens are in the position of the central shear zone cs. Surveying the interior of the major structural zones, however, even more similarities appear and we therefore analyzed the structural zones one by one. 5.2.1.1. Zone 1: Western Hinterland
[50] The thinned continental crust in the western hinterland zone (Figures 1 and 2) is obviously related to the OligoceneMiocene oblique opening of the Fram Strait , with the development of an extended continental margin which is not represented in our model (Figures 5 and  6 ). Hence, it is a reasonable assumption that the retroshear represented a major zone of weakness along which the Greenland and Eurasia plates were separated during the Oligocene-Miocene oblique extension.
[51] Correlation of the cs with the Forlandsundet Graben explains the dextral strike-slip regime during its formation and initial evolution [Gabrielsen et al., 1992; Kleinspehn and Teyssier, 1992] . The Eocene-early Oligocene age of the sediments in the Forlandsundet Graben [Gabrielsen et al., 1992 , and references therein] is in agreement with the relatively young age of the tectonic activity in the cs, which started only in a late stage of the formation of the transpressional belt. The cs represents another weakness zone that was likely to become extensionally reactivated during the Oligocene oblique extension. 5.2.1.2. Zones 2 and 3: Basement-Involved Fold-andThrust Complex and Central Zone
[52] In cross section, the most important common characteristics between model and WSFTB are the basement uplift with a steep eastern flank (zone 2) and a thin-skinned zone with several basement-rooted faults below (zone 3; Figures 2b and 6 ) [see also Bergh et al., 1997] . The contrasting geometries of these two zones can be directly attributed to the transpressive tectonic regime since the initial model mechanical stratigraphy was similar for the two zones.
[53] The contrast in orientation between the basement wedge and the structures in the thin-skinned zone is a striking feature of the model (Figures 5 and 10) . The basement wedge formed parallel to the basal velocity discontinuity, whereas the folds in the thin-skinned belt were oblique, having initiated at an angle of 35°to the basal velocity discontinuity and rotated to 25° (Figure 9 ). Comparable relations are observed in the WSFTB. The strike of the basement-involved fold-and-thrust complex (zone 2) is parallel to the present-day continent-ocean boundary. The fold axes in the thin-skinned central zone have in general a similar NNW-SSE trend, but they rotate counterclockwise toward the north ].
[54] There are some structures in these zones of the WSFTB that are not represented in the model. These can most likely be attributed to preexisting basement structures. An important example is the Isfjorden-Ymerbukta fault, a NNE striking high-angle structure that accommodated increasingly oblique reverse displacement [Braathen et al., 1999a] . This transfer fault is likely rooted in the basement Braathen et al., 1999a] and therefore not reproduced in the model.
[55] Another anomaly most likely related to a preexisting basement structure is observed on Brøggerhalvøya (Figure 2b ). Here the strike of the structures (NW-SE) and the shortening directions (initially and dominantly N-NNE vergent, changing toward ENE) are deviating from the main trend of the WSFTB further south which strikes NNW-SSE and parallel to the COB. These differences have been explained by the buttressing effect of the Nordfjorden block along the NW-SE striking Kongsvegen Fault during dominantly WSW-ENE contraction [Bergh et al., 2000; Saalmann and Thiedig, 2002] . The Kongsvegen Fault bounds one of the en echelon Carboniferous grabens mapped by Steel and Worsley [1984] , oblique to the main trend of the WSFTB but roughly coinciding with the orientation of thin-skinned structures on northern Oscar II Land and Brøggerhalvøya. In an alternative explanation, Bergh et al. [2000] attribute the anomalous orientation and kinematics at Brøggerhalvøya to changes in the degree of coupling/strain partitioning in a dextral transpressional regime. 5.2.1.3. Zone 4
[56] Mild compressional reactivation of preexisting basement structures defines the easternmost zone of the WSFTB, the eastern foreland province (Figure 2b ). This zone is not reproduced in our model because of its initially homogeneous basement (Figure 6 ). However, previous studies have shown that reverse reactivation of preexisting high-angle basement faults is likely, even at large distances, if the faults are sufficiently weak [Marques and Nogueira, 2008] , or through stress concentration at a basement ramp [Schedl and Wiltschko, 1987] .
Tertiary Central Basin
[57] No equivalent to the Tertiary Central (foreland) Basin was produced in the analog experiment. This has also some implications for the surface expression of structures, as some of the deformation expressed in the map of Spitsbergen is found in the subsurface underneath the Tertiary Central Basin. This restricts the assessment of geometries. A limitation of the current analog model setup is the absence of erosion (providing the sediments) and flexural isostasy (providing the accommodation space). 5.2.1.5. Crustal Scale
[58] In line with the reasoning above, the zonation of the present-day crustal structure (Figure 2a ) may be related to the model segments as follows: I, retrowedge, thinned during Oligocene extension; II, prowedge, unaffected by Oligocene extension; III, basement largely unaffected by either the transpressional or the oblique extensional event.
The Conjugate Greenland Margin
[59] If the correlation between the model retrowedge and the western Hinterland Zone is correct, our model results show that the deformation as recorded in the WSFTB affected only the Eurasia plate, and did not extend into the Greenland plate interior. Besides, the model results suggest that the absence of a counterpart of the thin-skinned WSFTB on Greenland may be explained by the differences in mechanical stratigraphy between Spitsbergen and Greenland. Decoupling along Permian evaporites and Triassic and Jurassic shales (Figure 3) , laterally continuous over hundreds of km, allowed the formation of the thin-skinned fold-and-thrust belt on Spitsbergen. The difference in mechanical stratigraphy may be attributed to differences in depositional environments in the respective areas prior to the onset of transpressional deformation and also to pre-Tertiary structuring of the Greenland margin. Since the Paleozoic, NE Greenland occupied a more proximal position than Svalbard. This led to nondeposition during the Middle Triassic to Late Jurassic [Håkansson and Stemmerik, 1984] . During the Late Jurassic to mid-Cretaceous, NE Greenland was situated at the margin of the gently subsiding Barents Sea Basin, while Spitsbergen occupied a more central position, resulting in the deposition of more fine grained sediments [Dypvik et al., 2002] . In addition, Late Cretaceous block faulting and pull-apart basin formation in the Wandel Sea strike-slip mobile belt [Håkansson and Pedersen, 1982] disturbed the lateral continuity of detachment levels on the Greenland side of the margin.
WSFTB Versus Model Kinematic Evolution
[60] The DPIV analyses constrained in detail the kinematic evolution of low-angle transpressional wedges. For a single convergence angle (i.e., constant plate tectonic boundary condition), different kinematic stages could be defined including the initiation and progressive evolution of strain partitioning (Figure 8 ). By thus allowing detailed observation of the progressive kinematic evolution, which is more difficult to derive from field data, the model may aid the interpretation of the field kinematic data.
[61] The initial stage of distributed deformation (1) lasted during the first 3-4 cm of displacement (Figure 11) , and thus accommodated only a small percentage of the total strain, corresponding to ∼1 cm or 4 to 5 km of shortening. This model stage entails the initial reorganization of sand grains and is not necessarily represented in nature. Strain partitioning in the thin-skinned belt on the proside of the model (2b) started shortly after the oblique wedge developed (2a), i.e., after ∼8 cm of displacement. On the retroside, at depth the transpression was still accommodated by oblique displacement during this stage, while separate branches accommodating reverse (r) and strike-slip (rs) displacement were starting to form. The basement faults on the proside below the decoupling layer also accommodated oblique slip in this stage [cf. Leever et al., 2011] . Deformation in the thin-skinned part of the fold-and-thrust belt occurred during the strain partitioning stage (3), which started after >25 cm of displacement.
[62] The established kinematic development of the WSFTB Braathen et al., 1999b] shows many similarities to that seen in the model. Examples are an early coupled deformation stage localized in the west (N-S shortening) and a stage of decoupling with strike-slip faulting in the west (SEDL; Figures 1b and 2b) and ENE directed orthogonal thrusting in the east. At a late stage, contractional deformation changes to a wide but more strongly coupled deformation characterized by wedge internal, NE directed out-of-sequence thrusting, contemporaneous with the occurrence of strike-slip faulting in the hinterland. The model results showed that the full strain partitioning stage only starts when a central strike-slip zone has formed. To form such a fault in the initially homogeneous material, significant displacement was required. In the WSFTB, in contrast, the onset of strain partitioning was probably advanced by strike-slip reactivation of preexisting steeply dipping basement weakness zones [e.g., Maher et al., 1997] . Vernant and Chéry [2006] have shown that the degree of strain partitioning is a function of the friction on the hinterland strikeslip fault; low friction promoting strain partitioning.
[63] In the experiment, the strain partitioning stage (stage 3) is characterized by a marked difference in fault kinematics between the central region dominated by dextral strike slip on the one hand, and the outer parts of the wedge (eventually only the prowedge) and the thin-skinned zone, which are dominated by E-W contraction on the other. In the central part of the wedge, the orientation of the slip vectors is aligned with the strike of the cs and other strikeslip faults (Figure 8 ). The exact orientation of the fault slip vectors on the faults and folds in the thin-skinned belt is difficult to observe from the DPIV-derived color scale (Figure 8 ) and needs further quantification to allow comparison with field kinematic data. To this end, the fault slip directions on anticline A2 were extracted from the DPIV data set by automatically identifying clusters of pixels in a sub region and calculating the average slip vector within each (Figure 12a [cf. Leever et al., 2011] ). A weighted average was calculated for all values between 60 and 150 degrees, and the pixel clusters corresponding to A2 were manually identified in several instances (Figure 12b ). The correlation between the two shows that the weighted average likely is a good representation of the contraction on A2, which is the dominant feature in the selected region (Figures 12a and  12b ). There is a large scatter in the data set and the fault slip directions on A2 are only constrained to an interval of 25°, between ∼95°and ∼120°. Contraction on the fold is thus oblique to the strike of A2, occurring at an angle of ∼50°. This angle seems constant; with progressive rotation of A2, the fault slip azimuth increases as well (Figure 12b) .
[64] In order to compare these model fault slip orientations with field kinematic data, the basal velocity discontinuity was aligned with the Forlandsundet Graben. The latter strikes to the NNW, requiring a correction of −20°and resulting in fault slip directions on A2 between N70°E and N100°E in the experiment. Braathen et al. [1997] summarized the evolution of fault kinematics in central western Spitsbergen (Figure 12c ). In the early deformation stage, northeasterly contraction directions have been recorded. In the main stages the directions range from N70-90°E. The model shortening axis in the strain partitioning stage is therefore in good agreement with the axis recorded in the field though the large scatter in the data set ( Figure 12b ) asks for higher-resolution DPIV analysis.
Conclusions
[65] To investigate the assumed role of strain partitioning in the development of the West Spitsbergen foldand-thrust belt an analog brittle-ductile tectonic model was subjected to transpression at a 15°convergence angle and large displacement.
[66] The first-order geometry of the model belt may be described as a large-scale oblique wedge, comprising an oblique retroshear zone, central strike-slip zone and stacked oblique to orthogonal proshears. These basement structures are generally oriented parallel to the basal velocity discontinuity and led to the formation of a steeply tapered base- [67] The constant plate kinematic boundary condition (convergence angle of 15 degrees) led to three distinct kinematic stages in which strain partitioning played an important role. These stages are (1) distributed strain; Figure 12 LEEVER ET AL.: A TRANSPRESSIONAL ORIGIN FOR THE WSFTB TC2014 TC2014
(2) oblique wedge stage, initially without strain partitioning, subsequently with local strain partitioning on the marginal shear zones; and (3) full strain partitioning stage between strike-slip displacement on a central shear zone and slip at a high angle to the plate boundary on the marginal shears. Toward the end of this stage, the retroshear became inactive. Deformation in the thin-skinned fold-and-thrust belt was active during this stage. During progressive deformation, the folds in the thin-skinned belt rotated clockwise, toward the strike of the basement uplift. Tectonic transport was oblique to the strike of the folds, occurring at an angle of 40°-50°.
[68] The first-order geometrical features and kinematics of the West Spitsbergen fold-and-thrust belt are in close agreement with the model results, confirming the hypothesis that the formation of the WSFTB can be attributed to lowangle transpression.
Appendix A: Model Scaling and Rheology analog modeling studies. They obey the scaling rules of dynamic similarity [Hubbert, 1937] : if a scaled model is to be representative of its real counterpart, similar distributions of stresses, rheologies and densities are required. Because the experiments are carried out under normal gravity, the ratios of stresses and lengths must be approximately equal, modified only by the relative densities of the modeling material and the natural prototype:
Here the subscripts m and p refer to the model and the natural prototype, respectively, and s is stress, r is density and L is length. See, e.g., Ramberg [1981] , Davy and Cobbold [1991] and Brun [1999] for further explanation and derivation. The length scaling in our model is 2 × 10 −6 , i.e., 1 cm in the model corresponds to 5 km in nature. For the brittle materials, the ratio of the densities of model (sand) and prototype (granite) is approximately 1.6, resulting in a scaling factor of 1.25 × 10 −6 for the stresses or brittle strength.
[70] The stress "distributions" mentioned above are best imaged by a yield strength envelope (YSE) [Goetze and Evans, 1979 ; see also Ranalli, 1997; Burov, 2007] (Figure 4c ). The construction of the brittle part of the YSE (represented by quartz sand in our model) is based on the Mohr-Coulomb failure criterion:
which relates the critical shear stress t at failure to cohesion C, angle of internal friction 8 and normal stress s n .
[71] Experimental work on rock mechanics [Byerlee, 1978] resulted in values for C and 8 which define the brittle failure envelope for the natural prototype (granite, dashed line in Figure 3c ). Rewritten in terms of principal stresses [Kirby, 1983] to represent the brittle strength, Byerlee's [1978] equations are 1 À 3 ¼ 3:9 3 f or 3 < 120 Mpa ðA3aÞ 1 À 3 ¼ 2:1 3 þ 210 f or 3 > 120 Mpa ðA3bÞ Equation (A1) can be rewritten in terms of the principal normal stresses also in a more general way [Schellart, 2000] .
In case of compression, where s 3 = s v [see Sibson, 1974] :
where r is density, g the gravitational acceleration, z the depth below surface, l the pore fluid factor and
# f is the angle between the principal normal stress and the normal to the fault surface. Equation (A4) was used to calculate the brittle strength of the model sand (Figure 4d ) for the parameters given in Table 1 . For the cohesion of 30-80 Pa, there is a good agreement with the scaled strength of granite according to Byerlee [1978] . The latter curve is in the range of cohesion values of 0-250 Pa quoted in literature [Krantz, 1991; Schellart, 2000; Schreurs et al., 2006] .
[72] The 0.5 cm thickness of the viscous PDMS layer corresponds to 2.5 km at the scaling of 2 × 10 −6 . This is clearly an exaggeration, when comparing to the stratigraphy of West Spitsbergen (Figure 4c ), but it is required to obtain correct rheological scaling. In a Newtonian viscous material, the critical shear stress t required to cause flow is linearly related to the shear strain rate g through the viscosity h [Nalpas and Brun, 1993] :
where V is the horizontal displacement rate, T d the thickness of the viscous layer and y the shear angle. Its strength (in compression) is given by [Nalpas and Brun, 1993] 1 À 3 ¼ 2
The viscosity of PDMS is in the order of 2.4 × 10 4 Pa/s; the resulting strength for a constant displacement rate of 5 cm/h is plotted in the YSE of Figure 3d .
